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ABSTRACT: 
           Drying is an essential process in the preservation of agricultural products. Various drying methods are employed to dry different 
agricultural products. Care must be taken in choosing the drying system. Study comparing traditional drying and other drying methods for 
the reduction of the drying time and to a significant improvement of the product quality in terms of color texture and taste. Reduces the 
possibilities, the contamination by insects and microorganisms so that product is prevented. An experimental study was performed to 
determine the drying characteristics of okra using hot air dryer. For the hot air drying, the test samples were dried in a laboratory scale hot 
air dryer at a constant air velocity of 1 m/s and air temperature in the range of 40–90 . Drying characteristics of okra slices were 
investigated in a hot air dryer for a temperature range 60 to 90°C at constant air velocity 1.0 m/s. Results indicated that drying took place 
in the falling rate period. The sample dried at 40°C was found better in color texture and taste as compared to the samples obtained at 60 
and 90°C. 
          The drying data were fitted to different drying models. The performance of these models was investigated by comparing the 
determination of coefficient, reduced chi-square and root mean square error between the observed and predicted moisture ratios. 
Keywords: Drying, product quality, moisture content, hot air dryer, mathematical model, air velocity .  
   1. INTRODUCTION 
            Drying of fruit and vegetables is one of the oldest forms of food preservation method known to man and is the most 
important process to preserve food since it has great effect on the quality of the dried products. The major objective in 
drying agricultural products is the reduction of the moisture content to a level, which allows safe storage over an extended 
period. The removal of moisture prevents the growth and reproduction of microorganisms which cause decay, and 
minimizes many of the moisture-mediated deteriorative reactions. It brings about substantial reduction in weight and 
volume, minimizing packing, storage and transportation costs and enables storability of the product under ambient 
temperatures (Mujumdar, 1995). During drying many changes take place; structural and physic-chemical modifications 
affect the final product quality, and the quality aspects involved in dry conversation in relation to the quality of fresh 
products and applied drying techniques. Currently hot air drying is the most widely used method in post-harvest technology 
of agricultural products. Using this method, a more uniform, hygienic and attractively colored dried product can be 
produced rapidly.  
           Vegetables and fruits are indispensable part of    human diet and can be regarded as the fuel for physiological 
processes. 25-30% of total produce is being wasted during handling from point of production to consumer’s plates. This 
wastage can be effectively reduced by applying appropriate method of processing and preservation. In this regard some of 
the vegetables have been traditionally processed by drying to extend their storage life well beyond few weeks and make it 
available in off season. 
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           Okra is a flowering plant, tropical perennial crop growing 3 to 6 feet tall. It is grown throughout the tropical and sub 
tropical countries. According to FAO data for 2007, okra production all over the world was about 5,941 million tones. The 
major producer countries include India, Nigeria, Sudan, Pakistan, Iraq and Ghana [7]. Okra can be consumed as a fresh 
vegetable, cooked vegetable or an additive for soups, salads and stews [16]. 
           Drying is a complex thermal process in which unsteady heat and moisture transfer occur simultaneously [3]. From an 
engineering point of view, it is important to develop a better understanding of the controlling parameters of this complex 
process. Mathematical models of the drying processes are used for the control of the drying process. Many mathematical 
models have been proposed to describe the drying process, of which thin-layer drying models have been widely in use. 
These models can be categorized as theoretical, semi-theoretical, and empirical [14, 22]. Recently, there has been a lot of 
research in mathematical modeling and experimental studies of the drying characteristics of various vegetables and fruits. 
Studies on the sun drying of okra are scarce in the literature. Therefore, the present study was undertaken to study the drying 
kinetics of okra in hot air dryer to evaluate a suitable drying model for describing the drying process. 
 
   2. MATERIALS AND METHODS 
 
2.1 Material 
 
      The experiment was conducted on effect of drying on storage and dried quality of okra. The fresh okra fruits were 
collected from local market during Feb- March. The average dimensions of fruit vegetable were 60-80 mm long and 15-20 
mm average diameter, dark green colored fruits were selected for the study.  The fruits vegetable were thoroughly washed 
and sliced into 5 mm thickness using sharp sterilized knife. 
 
       2.2  Method 
 
        The experimental set ups used for determining the influence drying temperature on drying behavior of okra. The 
laboratory scale batch type hot air dryer is used. The slices were then weighed exactly 100 grams for each treatment. The 
samples, about 100 g, were distributed uniformly in a single layer in the sample tray, and then dried in hot air dryer. These 
were kept for drying in three replications. The hot air drying was carried by drying the samples at 40 , 60  and 90  air 
temperatures and a constant air velocity of 1 m/s. The hot air drying was carried out by keeping the weighed slices in steel 
plates. Observations on physiological loss in weight and color change in each sample were recorded at the particular interval 
of in 10-20 minutes for hot air drying. The change in color of slices was observed for further analysis. The texture of end 
produce was also tested by breaking the dried slices and the produce was categorized into different grades. Temperature and 
relative humidity was recorded throughout the drying period using hygro- thermometer.  
          The hot air drying experiments were conducted at 40, 60 and 90  air temperatures and a constant air velocity of 1 
m/s. In each experiment, about 100 g of okra samples were used. Moisture losses of samples were recorded at 10 min 
intervals for first one hour and 20 min subsequently thereafter for determination of drying curves.  
           To determine the moisture loss of drying samples during experiments, okra samples were taken out of the dryer and 
weighed at various time intervals, ranging from 10 min at the beginning of the drying to 1hr during the last stage of the 
process. The moisture loss of samples was determined with the help of a digital electronic balance having an accuracy of 
0.01 g. The experiments were repeated for obtaining more accurate results, after that average values were used. Drying was 
continued until the sample reached the desired moisture level (15+0.5%, w.b.). 
 
 
     2.3 Mathematical modelling 
 
              The moisture ratio (MR) and drying rate during drying experiments were calculated using the following 
equations:  
           (1) 
Drying rate (Rd): 
          (2) 
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    Table 1. List of models 
 
    Model Name                            Model                                                         References 
    Newton                                  MR = exp(-k t)                                            Mujumdar (1987) 
    Page                                       MR = exp(-k tn)                                           Diamante and Munr(1993) 
    Wang and Singh                    MR = 1 + at + bt2                                        Wang and Singh (1978) 
    Logarithmic                           MR = a exp(-k t) + c                                   Yagcioglu et al. (1999) 
    Two-term exponential           MR =a exp(-k t)+(1-a)exp(-k a t)                Sharaf-Eldeen et al. (1980) 
    Handerson and Pabis             MR = a exp(-k t)                                          Henderson and Pabis (1961) 
    Verma et al.                           MR = a exp(-k t) + (1-a)exp(-g t)                Verma et al. (1985) 
    Magee                                    MR=a+kt1/2                                                 Magee et al.(1983) 
 
            (3) 
 
where, MR, Mo, Me, Mt and Mt+dt are the moisture ratio, initial moisture content, equilibrium moisture content, moisture 
content at t and moisture content at t + dt (kg moisture/kg dry matter), respectively, t is drying time (min). The air-drying 
curves were fitted with different mathematical models as given in Table 1. The regression analysis was performed using the 
computer program. Non-linear regression, which used to evaluate goodness of fit of the mathematical models to the 
experimental data are coefficient of determination (R2) and the reduced chi-square ( ), was used for data analysis. The 
higher value for R2 and the lower values for _2 and root mean square error analysis (RMSE) indicate the better fitness of 
model. These parameters were calculated as follows: 
 
RMSE =          (4) 
 
where, MRexp.i is the ith experimentally observed moisture ratio, MRpre.i the ith predicted moisture ratio, N is the number 
of observations and n is the number constants. 
 
       RESULTS AND DISCUSSION 
 
Drying characteristics of okra slices 
 
           Moisture ratio and drying rate of the samples were calculated using Equations (1) and (2). Figure1 shows the drying 
curves of okra slices at different temperatures. The drying rate decreased continuously throughout the drying period. It is 
obvious from Figure 2 that the constant rate period was absent and the drying process of okra slices took place in falling rate 
period. The drying times to reach the equilibrium moisture content for the fresh sample at 40, 60, and 90°C, respectively. As 
the temperature was increased by difference of 10°C, from 40 to 90°C the drying time decreased by 20, 14.58 and 5.13%, 
correspondingly. Maximum reduction of drying time was obtained when the drying temperature was increased from 40° to 
60°C as compared from 60° to 90°C, respectively. The moisture ratio reduced exponentially as the drying time increased 
(Doymaz, 2007). Continuous decrease in moisture ratio indicates that diffusion has governed the internal mass transfer. 
Experimental results showed that drying air temperature is effective parameter for the drying of okra slices. The drying 
process took place in a falling rate period except a very short accelerating period in the beginning. It can be seen that at 
higher moisture content, the increase in temperature has more considerable effect on the drying rates as compared to lower 
temperatures, which is almost negligible towards the end. It was further observed that the drying rate or moisture loss was 
faster at the beginning than that at the end. The reduction in the drying rate at the end of drying may be due to the reduction 
in moisture content as drying advances (Sharma and Prasad, 2001). The dried samples obtained at 40°, 60° and 90°C were 
evaluated for taste and color. The sample dried at 40°C was found better as compared to the samples obtained at 60° and 
90°C.  
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Fig 1:  Drying curve of hot air dryer temperature of dried okra slices                 Fig. 2: Drying rate of dried okra slices at different temperature         
          condition. 
                                                      
        CONCLUSION 
 
                  The drying behavior okra slices in hot air dryer was investigated at three different drying air temperatures. The 
times to reach equilibrium moisture (10%) from the initial moisture content. In order to explain the drying behavior of okra 
slices models in the literature were applied. In addition to, these results showed good agreement with the experiment data. It 
can be concluded that the influence of air temperature on drying time cause to with increase in air temperature a decrease in 
drying time during falling rate period is observed. According to the results, it can be stated that drying characteristics of 
okra slices in the drying process at a temperature range 40-90°C, air relative humidity 20- 60% and air velocity of 1.0 m/s 
the effect of air temperature on drying rate and drying time, For higher values of the moisture content, increasing drying 
temperature resulted in increasing drying rate and, in follows, decreasing drying time. This can be explained by the 
increasing temperature difference between the drying air and the product and, in follows, accelerating water migration. The 
effect of air relative humidity on drying rate and drying time, decreasing the relative humidity, intensifies drying rate change 
by the drying time. In other words, at low relative humidity of air the transfer of heat and mass is high and water loss is 
excessive.  
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